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1 . A shape memory alloy actuator array comprising: 

a plurality of individually trained shape memory alloy actuators to 

provide relative movement of different actuator array portions; and 

a thin-film heating element positioned adjacent at least one shape 

memory alloy actuator to thermally activate the actuator for movement away 

from its initial shape. 
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2. The shape memory allo^r actuator array as recited in claim 1 wherein 

the actuators are positioned in between at least two connecting rings each 
defined by an outer periphery. 
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3. The shape memory alloy act 

the actuators are positioned in bptweep 
generally columnar array. 



tor arrky as recited in claim 2 wherein 
plurality of connecting rings to form a 
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4. The shape memory alloy actuator jarray as recited in claim 2 wherein 

at least one shape memory alloy actuator is positioned adjacent another shape 
memory alloy actuator along a different portion of the connecting rings. 
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1 5. The shape yiemory alloy actuator array as recited in claim 4 wherein 

2 at least one actuator expands towards a predetermined shape when heated. 

1 6. The shape memory alloy actuator array as recited in claim 4 wherein 

2 at least one actuator contracts towards a predetermined shape when heated. 

1 7. The shape memory alloy actuator array as recited in claim 4 wherein 

2 at least one actuator acts in opposition to at least one other actuator. 

1 8. The shape memory alloy actuator array as recited in claim 2 wherein 

2 the shape memory alloy actuators am noSsitibned in side by side pairs along the 

3 periphery of the connecting rings. / \ jff / 

1 9. The shape memory alloy actAtor^T^as recited in claim 8 wherein 

2 one actuator from each actuator pair exrands from an initial shape towards a 

3 predetermined shape when heated. 



1 10. The shape memory alloy actuator array as recited in claim 8 wherein 

2 one actuator from each actuator pair contrasts from an initial shape towards a 
* 3 predetermined shape when heated. \ 
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1 11. The shape memory alloy actuator array as recited in claim 2 wherein 

2 each shape memory\alloy actuator is positioned in side by side pairs with a 

3 biasing element for returning the actuator to its initial shape. 

1 12. The shape memory alloy actuator array as recited in claim 1 1 wherein 

2 the biasing element is another actuator. 

1 13. The shape memoryyiloy actuator array as recited in claim 1 1 wherein 

2 the biasing element is a shape memory alloy actuator trained with a 

3 predetermined shape. \ / \ 

1 14. The shape memorWallotf a/taator^rray as recited in claim 1 1 wherein 

2 the biasing element is formed of apl elastomer. 

1 15. The shape memory alloy adtuator array as recited in claim 1 1 wherein 

2 the biasing element is a spring. \ 

1 16. The shape memory alloy actuitor array as recited in claim 1 wherein 

2 at least one actuator has an initial nonplanar shape and a substantially planar 

3 predetermined shape. \ 
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1 17. The shape memory alloy actuator array as recited in claim 1 wherein 

2 at least one actuator has an initial buckled shape and a substantially planar 

3 predetermined shape. 

1 18. The shape memory alloy actuator array as recited in claim 1 wherein 

2 at least one actuator isWnfigured with a substantially planar initial shape and a 

3 substantially planar predetermined shape of a relatively different length. 

1 19. The shape memory alLe^llctuator array as recited in claim 1 wherein 

2 the array includes at least oneWtuator that contracts from an initial shape when 

3 heated and at least one acraatoruhatrexpanas from an initial shape when heated. 

1 20. The shape memory anoyVctuator array as recited in claim 19 wherein 

2 the number of actuators in the array that contract towards a predetermined shape 

3 when heated is equal to the number onactuators in the array that expand towards 

4 a predetermined shape when heated. \ 

1 21 . The shape memory alloy actuator array as recited in claim 1 wherein 

2 at least one actuator may be heated to moveVway from its initial shape to an 

3 intermediate shape. \ 
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22. The shapb^emory alloy actuator array as recited in claim 1 wherein a 
selected combination oFat least pne actuator rpay be heated to provide for 
variable stiffness of th^ shap^Ri^uQjy^loy actuator array. 




23. A shk>e memory alloy catheter comprising: 
a cathetenbody formed with a sidewall portion; 

a shape memory alloy portion positioned adjacent the catheter sidewall 
portion having a lattic^ netwqjjc of individually configured shape memory alloy 
micro-actuators; land 

an addressable thin^film heater element in communication with the 
shape memory alloy portion ifor activation of selected micro-actuators. 
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24. The shape memory alloy catheter a^recited in claim 23 wherein the 
micro-actuators are arranged in segmentea joints. 
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25. The shape memory allby/cathete^s recited in claim 24 further 
including connecting rings for separating the micro-actuators into segmented 
joints. 




26. The shape memory alloy cathetef as recited in claim 25 wherein the 
shape memory alloy portion includes at/least one micro-actuator that expands 
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upon heating by an addressable heater element and at least one micro-actuator 
that contracts upon heating by another addressable heater element. 



1 27. The shape memory alloy catheter as recited in claim 23 wherein the 

2 shape memory alloy portion includes at least one addressable heater element to 

3 heat a selected combination of at least one micro-actuator for varying the 

4 relative stiffness of the shapfe memory alloy portion. 

1 The shape memory alloy catheter as recited in clainv2Twherein the 

2 shape memory alloy portion may be thermally activated to have a different 

3 stiffness relative to the catheter sidewall portion. 
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29. The shape memory alloy Catheter as recited in claim 23 wherein the 
shape memory alloy portion surrounds at least a portion of the catheter body. 

30. The shape nlemdpf* alloy catheter as recited in claim 23 further 
including a micro-fabriemed sensor. 



irie|^oi\ all/>y c 



3 1 . The shape me allby catheter as recited in claim 23 further 
including a micro-fabrioate&t^sducer. 
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32. The shape memory alloy catheter as recited in claim 23 wherein the 
2 J shape memory alloy is NiTi. 
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33. A shap^t memory alloy conduit comprising: 

a lattice stnfcture formed of oppositely trained shape memory alloy 
micro-actuators substantially disposed between at least two connecting rings; 
and 

a network of heatiW elements formed about the lattice structure for 
activating selected shape memory actuators within the lattice structure. 
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34. The shape memory alloy conduit as recited in claim 33 wherein the 
network of heating elements actiy^tes^ selected combination of at least one 
actuator in the conduit to proylde ^latijbe mpvement between conduit portions. 

35. The shape memoty alloy ccMluit is recited in claim 33 wherein the 
network of heating elements^ctivaj^s ayselected combination of at least one 
actuator in the conduit to vary the relative stiffness of lattice structure portions. 
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36. The shape memory alloy conduit recited in claim 33 further 
including at least two connecting members separating the conduit portions 
wherein the actuators are positioned in betweeA the connecting members. 



-51- 

: :ODMA\PCDOCS\SQLl \1 845 1 9\1 



1 37. The shape memory alloy conduit as recited in claim 33 wherein the 

2 lattice structure includes at least one micro-actuator that expands when heated 

3 and at least one mifcro-actuator that contracts when heated. 

1 38. The shape memory alloy conduit as recited in claim 33 wherein the 

2 network of heating elements are positioned along the connecting members and 

3 in communication with at least one micro-actuator. 

1 39. The shape memory #H3V conduit as recited in claim 38 further 

2 comprising a microprocessor unit whereinJthe heating elements are thin-film 

3 addressable heating elements! com (-oiled py the microprocessor unit that 

4 selectively activates a combinWom of at least one micro-actuator for relative 

5 movement of the shapeiqegwry alloy conduit. 



1 40. The shape memory allqv conduit of claim 33 wherein the conduit 

2 forms at least a portion of a catheter. 

1 41. The shape memory alloy conduit of claim 33 wherein the conduit 

2 forms at least a portion of an introducer. 

-52- 

: :ODM A\PCDOCS\SQLl\l 845 1 9\1 



1 42. The shape memory alloy conduit of claim 33 wherein the conduit 

2 forms at least a portion of a cannula. 

1 43. A shape memqry alloy medical device comprising: 

2 a scaffolding formed of individually activated and oppositely trained 

3 shape memory alloy actuators set with a predetermined shape to provide a full 

4 range of directional movement within a body; and 

5 at least thin- film one heating element in communication with the 

6 scaffolding surface to selectively activate a combination of at least one actuator 

7 towards a predetermined statjp^^ 

1 44. The shape memory WJOy medical device as recited in claim 43 

2 wherein the scaffolding further includes at least two connecting rings to support 

3 relative movement ofvthe shape memory alloy medical device. 



1 45. The shape memory alloy medical device as recited in claim 44 

2 wherein at least one actuator has a substantially rectangular configuration with a 

3 buckled surface longitudinally aligned relative to the scaffolding. 

1 46. The shape memory alloy medical device as recited in claim 45 

2 wherein a plurality of heating elements provide for a system of separately 
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addressable thin-film heaters that thermally activates a selected combination of 
at least one actuaton to vary the ring to ring tilt angle of the scaffolding within a 
predetermined range) 
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47. The shape mehnory alloy medical device as recited in claim 44 
wherein at least one actuator has a substantially rectangular configuration with a 
buckled surface laterally aligned relative to the scaffolding. 
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48. The shape memoiW alloy, medical device as recited in claim 45 

wherein a plurality of heading elements provide for a system of separately 

addressable thin-film heaters thai/ thermally activates a selected combination of 

7 



at least one actuator to vary the ft 



within a predetermine 



ig to ring rotational angle of the scaffolding 



range. 




49. The shape memory alloW medical device as recited in claim 44 
wherein the scaffolding includes at least one actuator with a substantially 
elongated configuration that is aligned relatively longitudinal to the scaffolding 
and at least one actuator with a substantially elongated configuration that is 
aligned relatively lateral to the scaffolding. 
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50. The shape \nemory alloy medical device as recited in claim 49 
wherein a plurality of heating elements provide for a system of separately 
addressable thin-film heaters that thermally activates a selected combination of 
at least one actuator for relativeinovement of the device within the body. 
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51. • The shape memory aMy medical device as recited in claim 43 
wherein the heating elemetn^lectrvely activates at least one actuator in the 
scaffolding to an intermediate state. 

52. A thermally ^activated directional actuator device comprising: 
a skeletal structure formed of individual oppositely trained shape 

memory alloy actuators each configured with a predetermined shape; and 

a heating system having, individual localized heaters for moving each 
actuator towards its predetermined, shar 

53. A thermally activated directioW kctuator device as recited in claim 52 
wherein the skeletal structure further includes a shap/ memory alloy backbone. 
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54. A thermally activated directional actuatW device as recited in claim 53 
wherein the backbone includes a shape memory alloV portion that contracts 
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when thermklly activated and a shape memory alloy portion that expands when 
thermally activated to provide for arcuate movement of the actuator device. 
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55. A thermaMy activated directional actuator device as recited in claim 54 
wherein the skeletal structure is formed with a supporting ribbed cage section. 
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56. A thermally activated directional actuator device as recited in claim 55 
wherein at least a portion osf the directional actuator is encapsulated within a 
polymer coating. 
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57. A thermally activated Viirectional actuator device as recited in claim 52 

wherein the skeletal structure includes a plurality of intermediary spacers to 



form a directional actuator haying \ mult] 

58. A thermally activated direct^n; 
wherein the intermediary spa< 
connection to actuators. 



pie stage configuration. 

actuator device as recited in claim 57 
includes actuator extensions for 
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59. A thermally activated directionalWctuator device as recited in claim 58 
wherein the intermediary spacers are connecting rings for supporting relative 
movement of the directional actuator portions\ 
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60. A thermally activated directional actuator device as recited in claim 59 
wherein the skeletal structure is formed with at least two oblong actuators 
longitudinally aligned relative to the actuator for relative movement of the 
skeletal structure portion. 
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61 . A thermally activatedVlirectional actuator device as recited in claim 59/ 
wherein the skeletal structure is farmed with at least two oblong actuators 
laterally aligned relative to the a/niator ftyr relative rnovement of the skeletal 
structure portion. 



62. A thermally activated directibnkLaciriator device as recited in claim 6iy 
wherein the connecting rings are formed with actuator extensions for connecting 
actuators laterally aligned relative to the actuator device. 
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63. A thermally activated directional actuator device as recited in claim J2 
wherein the laterally aligned actuators include ah least one actuator that expands 
in length when heated and at least one actuator that contracts in length when 
heated. 
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1 64. A method of forming a shape memory alloy actuator array comprising 

2 the following steps of: 

3 selecting a sheet of shape memory alloy material defined by at least two 

4 side edges; \ 

5 forming a plurality of shape memory alloy actuators to provide relative 

6 movement of the actuator by removing selected window portions of the sheet 

7 along a series of spaced apart rows and columns; 

8 training the individual shape memory alloy actuators to a predetermined 

9 state; \ 

10 laying out a thin-filr^etworloof addressable/heating elements onto the 

1 1 sheet for selectively activating the sha£>e memory ^alloy actuators; and 

12 sealing the side edges of the aheet to form a shape memory alloy 

13 actuator array. \ \ / / 

1 65. The method as recited in claim 64 ^herein the plurality of shape 

2 memory alloy actuators are formed in side by side pairs. 

1 66. The method as recited in claW 64\^herein the spaced apart rows form 

2 connecting rings to support relative movement of the shape memory alloy 

3 actuator array. \ 
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1 67. The method as recited in claim 64 wherein the spaced apart columns 

2 generally define the lateral portions of the shape memory alloy actuators. 

1 68. The method as recited in claim 64 wherein the shape memory alloy 

2 actuators are trained to expand when heated. 

1 69. The method a^recited in claim 64 wherein the shape memory alloy 

2 actuators are trained to contract when heated. 

1 70. The method as recited in claim 64 / further comprising the step of 

2 selecting another thin-film sheet ofshape memory alloy material to provide for 

3 an overlapping first and a second thin-film sheet wherein the shape memory 

4 alloy actuators formed in the^irstithin-plm sheet! are trained to expand when 

5 heated and the shape memory alloy afctuators formed in the second thin-film 

6 sheet are trained to contract when heated. / 



1 71 . The method as recited in claim 70 ^herein the first and second thin- 

2 film sheet of shape memory alloy material are formed of NiTi. 

\ / 

1 72. The method as recited in claim 64/further comprising the step of 

2 connecting the network of addressable heating elements to a microprocessor 
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